A DNA polymerase activity that promotes the synthesis of poly(dT) has been found in association with intracisternal A-type particles isolated from several mouse tumors. The poly(dT) synthesis activity requires a DNA or RNA primer, is optimal at high salt concentration, prefers magnesium over manganese, and is stimulated by poly(rA). No significant incorporation of dAMP, dGMP, or dCMP was detected in the presence of several RNA and DNA template-primers. The enzyme activity differs in several of its properties from the poly(rA)-directed DNA polymerase activity associated with Rauscher murine leukemia virus.
Intracisternal A-type particles are the most abundant cytoplasmic virus-like particles in various mouse tumors, such as plasma-cell tumors (1) , squamous cell carcinoma (2) , and neuroblastoma C-1300 (3). They have been observed in normal mouse embryo* and adult (4) tissues, and also in rat (5), gerbil (6) , and guinea pig (7) tumors. However, virtually nothing is known of their biological significance or whether they are the product of a viral genome. When A-type particles are isolated, their structural and immunological properties have differed from those of known viruses; no infectivity or 60-70S viral RNA has been detected (8, 9) . Because of their resemblance to C-type and B-type RNA tumor viruses, it was of interest to deterhnine whether they possess an RNAdirected DNA polymerase activity.
In this study, a poly(dT) polymerase activity has been found in purified intracisternal A-type particles from two mouse myelomas, and in less pure preparations from three other mouse tumors. The enzyme activity differed from known viral-associated RNA-directed DNA polymerase activities (11) (12) (13) in that it promoted significant synthesis of poly (dT) only in response to DNA-or RNA-primed RNA. Other properties of the enzyme activity, including its optimal salt concentration and its divalent cation requirement also appear to distinguish it from known viral RNA-directed DNA polymerase and cellular DNA-directed DNA polymerase activities (10) . Poly(rA)-directed DNA polymerase activities similar in some of their properties to the activity reported here have been detected in chicken embryos (14) and human tissue culture cells (15) .
MATERIALS AND METHODS
Particle Preparation. Except where indicated, studies were performed with intracisternal A-type particles isolated (8) from the BALB/c mouse myeloma, MOPC-104E (16) from myeloma MOPC-104E, and were 0.5 mM with respect to one 3H-labeled deoxynucleoside-5'-triphosphate (280 cpm/ pmol). In some reactions, as indicated, the three other unradioactive deoxynucleotides were present (0.1 mM each). Reactions containing all components except deoxynucletide(s) were incubated at 370 for 20 min before incorporations were begun by addition of deoxynucleotide(s). Incorporations were at 370 for up to 75 min in silicon-treated soft glass tubes, 10 X 75 mm. Reactions were stopped by transfer of the tubes to a 0-1' waterbath and addition of 100,ug of albumin, followed by 1.5 ml of ice-cold solution A [1 mM thymidine-10% Cl3CCOOH in saturated sodium pyrophosphate-sodium orthophosphate (1:1) ]. After 15 min at 00, reaction tubes were centrifuged at 7000 X g for 10 min, and the resulting supernate was discarded. The precipitate was suspended in 0.5 ml of solution A by vigorous mixing, and acid-insoluble 
RESULTS
Evidence for Poly(rA)-Dependent Poly(dT) Polymerase. Preparations of intracisternal A-type particles contained low levels of DNA polymerase activity (<0.5 pmol/min per mg of protein) in reactions that contained no added templateprimer. As shown in Table 1 , addition of the synthetic template-primer poly(rA) * (dT)14 (17) resulted in a stimulation of dTMP incorporation that was strictly dependent upon the primer (dT)14. Addition of natural RNA isolated from rabbit reticulocyte polyribosomes resulted in increased dTMP incorporation when the RNA was primed with (dT)14. Addition of primer (dT)14 alone also resulted in activity. This may have been due to a priming effect on RNA present in the particle preparation (8) . Deoxynucleotide incorporation in the presence of poly(rA) . (dT)14 occurred only with thymidine triphosphate; addition of the other three deoxynucleotides had no stimulatory effect. The same pattern of response was observed with reticulocyte polyribosomal RNA as template, suggesting that the A-type particle activity was capable of poly(dT) synthesis only by direction of poly(rA) sequences present in the natural RNA (18) . The acid-precipitable products of the reactions with both types of RNA template coincided with authentic poly(dT) upon density equilibrium centrifugation in cesium sulfate, yielded 5'-TMP after incubation with DNase I and snake venom phosphodiesterase (data not shown), and was susceptible to DNase, but not to RNase, trypsin, or 0.5 N NaOH.
The rate of [IH]dTMP incorporation is shown in Fig. 1 .
After a brief lag, activity was proportional to time of incubation for 120 min at 370, but was not detected at 0-1°. Activity was proportional to concentration of A-type particle protein up to 4.7 ,g per reaction, and responded hyperbolically to increasing dTTP concentrations, with an apparent Michaelis constant of 65MLM.
Properties of the Poly(dT) Synthesis Activity. The incorporation are shown in Fig. 2 . The optimal KC1 concentration was 100-250 mM, a value higher than observed (40-60 mM) for RNA-directed DNA polymerase activities associated with avian myeloblastosis virus (19) Table 3 , preparations containing intracisternal A-type particles from four additional mouse tumors were found to contain poly-(rA) * (dT)14-dependent DNA polymerase activity. A second centrifugation to equilibrium in sucrose gradients did not appreciably change the activity of purified RPC-20 particles, and 57% of their activity remained after a wash by centrifugation through 0.5 M KCl.
In a second experiment, the poly(rA) -(rA) * (dT)14-dependent enzyme activity was not detected in the 78,000 X g pellet from several tissues that do not contain A-type particles. These included adult mouse liver and spleen, and MuLV-infected JLS-V9 (20) In a third experiment shown in Table 3 , the level of enzyme activity was compared in the crude 78,000 X g pellet and in the final gradient-purified particles from two myeloma tu- 63%; thus, the specific activity of the enzyme was increased 7-fold. When A-type particles were prepared from myeloma MOPC-104E, both with and without Triton X-100 (8), enzyme specific activity was increased over that in the 78,000 X g pellet by 4.4-and 3.5-fold, respectively. These results show that much of the DNA polymerase activity present in the 78,000 X g pellet was purified along with Atype particles, and thus appeared to be associated with the particles.
Comparison of A-Type and C-Type Particle Activities. The MOPC-104E and RPC-20 mouse tumors used in the experiments in Table 3 contained group-specific antigen of the C-type particle; 10% tissue extracts gave titers of 1:4 and 1:32, respectively, in microtiter assays with rat antiserum (21) . Thus, the presence of DNA polymerase activity in Atype particle preparations could conceivably be due to contamination by DNA polymerase of C-type particles. To test this possibility, and to further characterize the A-type particle enzyme activity, its template-primer preference was studied and compared with that of a mouse C-type particle, MuLV. The results are shown in Table 4 . Under optimal conditions for its activity, the A-type particle enzyme responded dramatically to poly(rA) when it was primed by (dT)14, (dT)6, and poly(dT). Slight stimulation was observed with poly(rA) * poly(rU), and no stimulation was detected with poly(rA) alone, poly(rU) alone, or poly(rC) (dG) 14 Poly(rC) -(dG)14 Under conditions optimal for assay of DNA polymerase activity from MuLV, template-primer responses were compared both at 12.5 mM magnesium and 1.5 mM manganese. A-type particle activity in the presence of poly(rA)-(dT)14 was lower under optimal conditions for the assay of MuLV enzyme, and Mn2+ was less effective than Mg2+. However, in the presence of Mn2+, but not Mg2+, A-type particle activity responded slightly to poly(rC).(dG)14 for the incorporation of [3H]dGMP. MuLV endogenous activity and response to the templates poly(rA) and poly(rC) was greater with Mn2+ than Mg2+. However, the response to the two DNA templates was higher in the presence of Mg2+. Thus, except for the low level of activity in response to poly(rC). (dG)14, both the patterns of response to template-primers and the divalent cation preference of the A-type particle activity differed from that of the MuLV (C-type particle) activity.
The possibility that differences in the enzyme activities were due to effectors present in A-particle preparations was investigated by mixture of A-type particles with MuLV; the experiments shown in Tables 1 and 4 were repeated. The DNA polymerase activities were additive; thus, no enzyme effector(s) was detected.
As shown in Fig. 3 , antiserum against MuLV DNA polymerase failed to inhibit the poly(rA). (dT)24-dependent activity of A-type particles under conditions nearly optimal for MuLV activity. Poly(rA). (dT)14-stimulated activity of MuLV was inhibited by 75%. The antiserum used in this experiment inhibits RNA-directed DNA polymerase activity of several other mammalian C-type viruses (22) .
DISCUSSION
The conclusion that a poly(dT) polymerase activity is present in preparations of intracisternal A-type particles clearly follows from our results. The enzyme activity appeared to be tightly associated with the particles, but its true intracellular distribution remains to be determined. The enzyme activity required (dT) as primer, was stimulated by poly(rA), and was specific for dTMP incorporation.
The activity appeared to be distinct from RNA-directed DNA polymerase of RNA viruses and known cellular DNAdirected DNA polymerase activities, both because of its almost exclusive incorporation of dTMP and because conditions for optimal activity were clearly different from those for the poly(rA)-directed activity of MuLV and cellular DNA-directed DNA polymerases (23) . The possible biological role of the poly(dT) polymerase is not clear, but it may be a defective tumor virus enzyme. Finally, the observed differences in the DNA polymerase activities associated with intracisternal A-type particles and C-type particle RNA viruses is further evidence (see ref. 9 ) that these two types of particles bear no direct relationship.
